
Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE 

AMERICAN NATURALIST 

Vol. XLII June, 1908 No. 498 



THE ANCESTET OF THE CAUDATE 
AMPHIBIA 

DR. ROY L. MOODIE 

University of Kansas 

The phylogeny of the group of vertebrates commonly 
called amphibians or batrachians has been, and still is to 
some extent, among the most obscure of the problems con- 
nected with the descent of animals. So far as I am aware 
there have been but few statements as to the possible 
ancestry of the Amphibia and no attempt has been made 
to set forth in detail the series of structures through 
which the animals have passed from the beginning of 
their line to the present. During the course of an ex- 
tensive investigation on the extinct Amphibia of North 
America, the writer has reached some interesting con- 
clusions in regard to the ancestry of at least one group of 
the modern Amphibia and these conclusions are here set 
forth in detail. Some of the facts offered in support of 
these conclusions have been given in other connections. 

So far as at present known, the first trace of vertebrate 
life on earth is that of fishes in Ordovician rocks in Colo- 
rado and in two places in Wyoming, i. e., the Black Hills 
and the Big Horn Mountains. In the Devonian, if the 
impressions from the Catskill are properly interpreted, 
the fishes had given rise to a quadrupedal type of animals 
which are usually known as the Amphibia. Only impres- 
sions of footprints in the sandstone are known, but these 
are quite instructive. There are no traces of the bones 
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Fig. 1. Restoration of Micrer-peton caudatitm Moodie from the Coal Meas- 
ures of Illinois. Length of form, 49 mm. Spicier is a composite restoration 
and is based on actual specimens and on the results of Roemer, Scudder, 
Beecher and Melander. x 2\. 



of these quadrupeds known in rocks of Devonian or of 
Mississippian age, although Lohest (1) some years ago 
called attention to some remains which he thought were 
amphibian from the Devonian rocks of France. Thevenin 
has recently cast doubt upon this interpretation by 
Lohest (2) and the figures as given by Lohest would seem 
not to be amphibian, but fish remains. 

In rocks of the lower part of the Pennsylvanian occur, 
in North America, the first evidences of the bones of 
quadrupeds. The Amphibia show, even thus early, that 
their line- had divided into three and possibly four dis- 
tinct groups which are usually known as the Branchio- 
sauria, the Microsauria, the Aistopoda and the Stereo- 
spondyli. The presence of the last group is indicated 
by the two vertebrae from the Carboniferous of Nova 
Scotia named by Professor Marsh Eosaurus canadensis 
and also by certain fragments of large ribs and large 
skulls from the coal beds of Ohio. The Temnospondyli 
did not make their appearance until the latter part of the 
Pennsylvanian, when their remains are found in Carbon- 
iferous rocks of Kansas, Illinois and Pennsylvania. 
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The Stereospondyli and the Temnospondyli are spe- 
cialized side branches of the amphibian or reptilian stem 
and will not concern us further here. The Aistopoda are 
regarded by the writer at present as being specialized 
microsaurians. This would not favor the view of Wie- 
dersheim as to the descent of the Ccecilians. This point 
needs further investigation and will be discussed else- 
where. The Microsauria Dr. Gadow has placed in the 
subclass Proreptiliae and, in the opinion of the writer, his 
classification represents the correct facts, but further dis- 
cussion will be postponed. The group to which the 
reader's attention is here invited is the one usually known 
as the Branchiosauria, representatives of which are found 
only in Western Europe and in North America, where a 
single specimen is known from Illinois. The group is a 
very small one both as to the size of the individual mem- 
bers and as to the number of species. 

The Branchiosauria are distinguished from all of the 
other Amphibia-like vertebrates by the presence of short, 
heavy, straight ribs. The Microsauria always have long, 
thin, curved ribs. The Aistopoda usually are destitute of 
ribs or when present they are curved and slight. In con- 
versation recently with Dr. Gadow he made the interest- 
ing suggestion that the characters presented by the ribs 
might be used as a basis on which to separate the group 
heretofore known as Stegocephala into two main di- 
visions. One of the divisions would be the true Amphi- 
bia with the Branchiosauria as the representative order 
among the early forms, in which case the term Branchi- 
osauria would be a misnomer, and the other Stegocephala 
would be included under some such name as the Pro- 




Fig. 2. Outline of a Larva of NccturiiSj showing the arrangement of the 
lateral line systems. After Piatt. 
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Fig. 3. Restoration of the Skeleton of Mlcyerpeton can datum Moodie. The 
feet are conjectural and are based on the studies of Credner. The broad ventral 
armature is well developed in this form, x 3£. 

reptilia or would be distributed among the reptiles 
proper. The former group is characterized by the short 
straight ribs borne on stout transverse processes and the 
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latter group is characterized by the long curved ribs 
borne intercentrally. There seem to be some difficulties 
in this classification, but it is hoped that they may be 
cleared up by future investigation. 

The Branchiosauria, as has been several times sug- 
gested by various authors, represent the ancestral forms 
of at least the tailed division of the Amphibia. A sug- 
gestion as to the ancestry of the tailless forms will be 
given elsewhere. The conclusion that the Branchi- 
osauria are the direct ancestral forms to the modern 
Caudata is based on several characters. These char- 
acters are: the structure of the skull, the structure and 
form of the vertebrae and ribs, the number of digits, the 
arrangement of the phalangeal elements, the characters 
of the pectoral and pelvic girdles, the character of the 
lateral line system, the structure and form of the long 
bones and finally the shape of the body ; all of which will 
be discussed below. 

It has been suggested on embryological grounds that 
the Amphibia are a degenerate group (3) and this is 
borne out, in so far as the Caudata are concerned, by a 
study of the cranium of the early and recent forms as 
well as by other structures. The cranium of the Branchi- 
osauria is almost identical in structure with that of the 
Microsauria and it exhibits a completely roofed-over skull 
with only five openings, namely, those for the orbits, the 
nostrils and the pineal opening. 

The elements forming the roof of the skull are quite 
constant in the Branchiosauria and also in the Micro- 
sauria and they differ only in position and relations. 
Practically the same elements form the skull roof in the 
two groups, but the forms differ in other important re- 
spects. In the skull of the Branchiosauria we find in the 
median line a row of elements in pairs, which extend the 
entire length of the skull. These are (beginning an- 
teriorly) : the premaxilte, the nasals, the frontals, the 
parietals and the supraoccipitals. On the side of these 
elements lie others which vary in their position to some 
extent ; the median elements are fixed and not so likely to 
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Fig. 4. Restoration with Outline of the Branchiosaurus fayoli Thevenin 
based on the figures given by Thevenin. The last phalanx in digit I of the 
hand is conjectural and the last two on digit II and the last one on digit IV 
of the foot are conjectural. From the Upper Carboniferous of France, x 2. 

vary. Anterior to the orbit there are the prefrontal, the 
lachrymal, the maxilla, and lateral to the orbit lies the 
jugal. Posterior to the orbit lie the postorbital, the post- 
frontal, the squamosal, the supratemporal, the opiotic, 
and on the 'posterolateral border of the skull lie the 
quadrato-jugal and quadrate. 

In the skull of the modern Caudata we find an arrange- 
ment of the elements which is quite similar to that de- 
scribed for the Branchiosauria. In the skull of Megalo- 
batrachus (Fig. 10), for instance, we find the following 




Fig. 5. Restoration of Branchiosaurus amblystomus Cred. from the Per- 
mian of Saxony. After Credner. 
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bones paired in the median line: the premaxillse, the 
nasals, the frontals, the parietals, and on the posterior 
end of the skull occur the exoccipitals. In this series it 
is clear that the supraoccipital elements have disap- 
peared. Lateral to the median paired row there are the 
maxilla, the prefrontal, the squamosal, and in allied forms 
the jugal, quadratojugal and quadrate. The epiotic is 
wanting in all skulls of modern amphibians except some 
coccidians and the elements are not so firmly united as 
in the skull of the Branchiosauria. The skull of the 
Caudata exhibits a weaker, more degenerate condition, 
than is found among the early forms. The lower sur- 
face of the skull is practically the same in the two groups, 
especially in the possession of a large parasphenoid. Teeth 
on the palate bones are lacking, for the most part, in the 
modern forms, which is another evidence of degeneracy. 
If the structure of the vertebrae is now examined it will 
be seen that in this particular there is close affinity 
between the modern Caudata and the Paleozoic Branchi- 
osauria, The vertebrae of the modern Caudata are 
amphicoelous and opisthoccelous, with the notochord rarely 
persistent and with the transverse processes springing 
off boldly from the body of the centrum. Similar condi- 
tions are observed in the Branchiosauria where the ver- 
tebrae, so far as they are known, are amphicoelous and the 
transverse process is unusually strong with the notochord 
probably persistent. The transverse processes give sup- 
port to the short, heavy, stout ribs which lay in the flesh 
and made acute angles posteriorly with the vertebral 
column. The ribs in the Branchiosauria and in the later 
Caudata are indistinguishable so far as form is con- 
cerned. The point of difference is that in the modern 
forms the ribs are usually weaker posteriorly and are, 
for the most part, confined to the presacral region of the 
body. This is another instance in which the Caudata 
show their degenerate structure. On the basis of the ribs 
alone the Branchiosauria may well be separated from the 
Microsauria and from all other of the so-called Stego- 
cephala, and would be considered as the true Amphibia, 
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Fig. 6. 
Credner. 



Restoration of Melanerpeton from the Permian of Saxony. After 



while all other forms would be excluded from this class 
and would have to be placed among the Reptilia, where 
they probably belong ; whether they are to be considered 
as a subclass of the Eeptilia or not, does not concern us 
here. 

In the forelimb there are never more than four digits 
either in the Paleozoic Branchiosauria nor in the later 
Caudata. So far as I am aware, there is no paleonto- 
logical evidence to show that there ever were more than 
four digits in the hand of the caudate Amphibia and in 
this discussion the first digit will be considered as No. L, 
the second digit as No. II. and so on. Fritsch, it is true, 
has figured five digits in the hand of Brancfoiosaurus sala- 
mandroides Fr. (Fig. 7), from the Permian of Bohemia, 
(4) but in giving us a glimpse into the material on which 
his restoration is based there are only four digits pre- 
served in the hand, although Fritsch says the first had 
been lost. I doubt if there ever were more than four, and 
the digits in Fritsch 's specimen were all preserved. In 
all of the Permian forms from Saxony Credner has 
figured four digits in the hand (Figs. 5-6). 

The specimens recently described by Thevenin from 
the Upper Carboniferous of France (5) show only four 
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digits in the hand. In Fig. 4 a restoration of the 
Branchiosaurus fayoli Thevenin has been attempted. 
The reconstruction is based on the figures as given by 
Thevenin. Only one phalanx is restored and that is the 
distal one of the first digit. All of the rest were pre- 
served. In the Wealden of Belgium the Hylceobatrachus 
croyii Dollo (Fig. 8) exhibits but four digits in the hand. 
In Andrias scheuch&eri Tschudi (Fig. 9) from the Mio- 
cene of Switzerland, there are but four digits in the hand, 
and in all of the modern caudate forms, so far as I am 
aware, there are but four digits and the phalangeal 
formula for all, both in Paleozoic and in later forms, is 
universally 3-3-4-3. 

In the foot the Branchiosauria show the same agree- 
ment with the modern Caudata. There are always five 
digits and they usually have the phalangeal formula 
4-5-4-3-3. Neither the carpus nor the tarsus is fully 
ossified in the Branchiosauria or in the later Caudata, 
although the carpus and tarsus are partly osseous in the 
Amblystomatidse. 

The pectoral girdle of the Branchiosauria consists 
usually of four elements, three paired and one unpaired. 
These are : the single interclavicle, the clavicles, the cora- 
coids (cleithra?) and the scapulae. Among the modern 




Fig. 7. Restoration of Branchiosaurus salamandroidcs Fr. from the Per- 
mian of Bohemia. Modified after Fritsch. 
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Fig. 8. Hylwobatrachu8 croyii Dollo from the Wealden of Bernissart. 
After Dollo. 

caudate forms as well as among the Miocene forms all of 
the elements with the exception of the scapulae have be- 
come cartilaginous, so that there remains in the modern 
caudate amphibians only a bony scapula. This seems to 
be the case in the Wealden Hylaeobatrachus, but the single 
specimen is not well enough preserved to furnish definite 
information on this point. The pelvic girdle has, ap- 
parently, undergone no change in the evolution of the 
Caudata. The pubis is never ossified in either the 
Branchiosauria or in the latter Caudata and the ischium 
is usually plate-like, while the ilium is more or less 
rounded. The sacral rib, of which there is never more 
than one pair, is usually well developed. 




Fig. 9. Restoration of Anclrias schenchzeri Tschudi based on the draw- 
ings published by von Meyer in " Fauna der Vorwelt." x I. 
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In an essay now in press on "The Lateral Line Organs 
in Extinct Amphibia" the writer has called especial 
attention to the character of the lateral line organs as 
they are preserved in the single specimen of a branchi- 
osaurian, Micrerpeton, from the Coal Measures of Illinois. 
A restoration of this form has been attempted in Fig. 1. 
The animal, as preserved, measures only 49 millimeters. 
It is apparently an adult, as there are no evidences of 
branchiae and the limb bones are well formed. The 
spider shown in the restoration is a composite and is 




Fig. 10. The Skeleton of Megaloljatrachus japonicus 



After Osawa. 



based partly on actual specimens partly on the results 
of Roemer, Beecher, Scudder and Melander. The body of 
the spider which was used as a model was about a half an 
inch in length. The particular characters in the amphib- 
ian which deserve mention now are the two lines repre- 
senting the lateral line organs. There is seen a median 
lateral line which starts at the tip of the tail and runs 
forward. The other begins somewhat anteriorly and 
springs boldly from the median lateral line at a distance 
of a few millimeters from the tip of the tail. These lines 
represent rows of pigmented scales which show on the 
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specimen as dark lines. The sense organs were un- 
doubtedly located beneath these specialized scales, much 
as the lateral line organs are protected in some of the 
fishes. In Necturus (Fig. 2) the arrangement of the 
lateral line organs is almost identical with what has just 
been described for Micrerpeton. I have suggested else- 
where that this similarity in the lateral line organs of 
these two forms may be indicative of relationship between 
the groups to which these forms belong. There is no 
reason why the type of lateral line should not have been 
preserved in the amphibians, since we know that in some 
of the fishes certain types of peculiar lateral line struc- 
ture have persisted for nearly as great a length of time. 

In the structure of the limb bones and ribs the Branchi- 
osauria are much like the modern Amphibia in that the 
bones are formed almost entirely of perichondrium. 
There are never any bony epiphyses in any of the Am- 
phibia. In some of the toads Parsons has seen the 
cartilaginous epiphyses calcified, but they are never 
osseous. The endochondrium is not at all or but 
slightly developed in the Amphibia, and in the fossilized 
bones this condition causes a concavity at the ends. In 
the Microsauria the endochondrium is more fully formed, 
although there are some in which the ends of the limb 
bones are nearly flat. 

The form of the body in the Branchiosauria is stri- 
kingly salamandrine, as may be seen by referring to fig- 
ures 1 and 4. In Micrerpeton the tail is quite long and 
almost equals the length of the presacral region. In the 
Branchiosaiirus fay oil Thevenin (Fig. 4), the tail is 
shorter but the form is much the same. The body of the 
Branchiosaiirus (Fig. 4) is more stout than that of the 
Micrerpeton (Fig. 3) and the ribs are longer. 

In summing up all of the characters as presented by 
the Caudata and the Branchiosauria it seems most prob- 
able that the Caudata are but degenerate Branchi- 
osaurians and the changes which have taken place in the 
skeleton are mostly brought about by the loss of certain 
parts. 
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Summary 

1. The Stegocepliala will probably have to be divided 
into two groups, one of which will be considered as 
Amphibia and the members of the other group will have 
to be placed among the Eeptilia but can not all be placed 
under any single head since they represent divergent 
types and must be placed in with the reptilian groups to 
which they have probably given origin. 

2. The Branchiosauria are the ancestral forms of at 
least the caudate Amphibia. The Branchiosauria are 
first known in the Pennsylvanian of North America and 
they present characters which separate them clearly from 
all other groups of the so-called Stegocepliala. 

3. The characters which the Branchiosauria have in 
common with the Caudata are : short, straight ribs ; stout 
transverse processes springing from the body of the 
vertebra; practically the same number of presacral 
vertebrae ; the same skull structure ; the degenerate char- 
acter of the pectoral girdle and the close correspondence 
of the pelvic girdle ; the same number of the digits and 
the same phalangeal formula in the Branchiosauria and 
Caudata ; the similar characters presented by the lateral 
line system; the structure of the long bones and the shape 
of the body. 

4. There can be but little doubt that the Caudata are 
the direct descendants of the Branchiosauria, of which 
they are but degenerate forms. 
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